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Abstract 
A new design of THz frequency carrier generation for radio frequency identification (RFID) application is proposed. 
The dense wavelength division multiplexing can be generated and obtained by using a Gaussian or soliton pulses 
propagating within a modified add-drop filter known as a PANDA ring resonator.  The broad bandwidth of THz 
signals can be obtained and available for useful applications, in which the use of the generated THz pulses for RFID 
application, for instance, Ad-Hoc network using RFID. Results obtained have shown that the increasing in channel 
capacity can be obtained and useful for the large demand of RFID applications. 
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1. Introduction 
The THz communication technology has become a part of all communication systems as fiber optics 
communication, wireless communication, and RoF (Radio-over-Fiber). The THz communication has 
effective data rate 1 Tbitsec-1 [1] i.e. communicate with a THz carrier wave, with frequency range from 
200 GHz to 10 THz. THz are generated by quantum transitions of light, which generates very high 
intensity for both the transition between the electric [2] and photonic [3] sources. THz is becoming of 
importance in high speed communication, one of them is RoF, where the fiber-wireless (WiFi) [4] 
network is incorporated with the optical communication and radio frequency with WDM and millimetre 
wave (mm-wave) frequency. The architecture of a mm-wave fiber-wireless is central office (CO), which 
is connected to a large number of antenna or THz antenna [5] base station (BSs) via an optical fiber 
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network such as RF-over-fiber, IF-over-fiber, and Baseband-over-fiber [6]. This technique for 
transmission deploys a Mach-Zehnder intensity (MZI) modulator to generate the required optical carrier 
frequency to provide point-to-point and point-to-multipoint links. The RoF, such as hybrid fiber radio 
(HFR) [7] transmit signals and then propagate over fiber links toward remote base stations (BSs) by 
wavelength division multiplexing (WDM). This architecture is an attractive solution for broad-band 
access since they allow quick and cost-effective network deployment. Basically, the RoF systems are 
composing of central office (CO), base station (BSs) transmits optical carriers modulated at radio-
frequency (RF). Optical fiber is an excellent medium for RF signal transmission due to the very high 
bandwidth(BW), low loss, light weight, small cross section, and low cost. In this ROF system, a head-end 
(HE), which consists of an optical-to-electrical (O/E) and electrical-to-optical (E/O) modules, is 
connected to the BS. A remote antenna unit (RAU) is used in each picocell, which is connected to the HE 
by optical fibers. The RoF systems are being applied for many wireless applications such as fiber-to-the-
home (FTTH), universal mobile telecommunications system (UMTS), vehicular ad-hoc network 
(VANET) [8] and microcellular system [9, 10]. The microcellular system propose use of the RoF for 
cellular systems by sharing one optical source at the BS among all microcells, where frequency reuse is 
realized by external modulation of the optical carrier to improve the channel capacity[11]. The RoF for 
VANET is used by the intelligent transport system (ITS), which serves numerous applications in the area 
of vehicular system such as traffic monitoring, traffic conditions, traffic alert, and roadside service. These 
applications work for different technologies as local area network (WLAN) or wireless fidelity (WiFi), 
and WiMAX or cellular network, in which these models link both wire and wireless media. The RoF THz 
frequency offers these technologies to further improve the capacity and security. However, the usable 
bandwidth is an important issue for this network. The THz communication is one alternative technology 
to improve the performance of communication systems. In this article, we propose a new platform to 
generate THz frequency for RoF system by using the dense wavelength division multiplexing (DWDM). 
2. System Design 
 
In order achieve a wide band frequency carrier, we propose a system consisting of micro ring 
resonators for applications in communication as wireless THz communication system and faster data 
transfer which requires higher carrier frequencies. In this paper, we use microring resonators made of 
InGaAsP/InP material to enhance the channels of the frequency band, and implement for area network 
[12].  
The transfer function of the system uses two types of input pulses the bright soliton and Gaussian 
beam,  described by Equations (1) and (2), respectively [13, 14]. 
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 Here T is propagation time of soliton pulse in a frame moving at the group velocity, A  and A  are the 
optical field amplitudes and z is distance of propagation. L is dispersion length of the soliton pulse. 
Initial time of input soliton pulse during propagation shows by T  and t is the time for phase shift with 
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d 
0
frequency shift of the soliton Z0. The optical outputs from first and second ring resonators are given by 
Equations (3) and (4). To achieve the results, we use Matlab program for simulation and iteration method 
for 20,000 roundtrips in each ring while output field of second ring is fed into the PANDA system [15]. 
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Here N  is the coupling coefficient, and K represents the wave number in a vacuum. J is the fractional 
coupling intensity loss. L and L1 2 are circumferences of first and second ring. Exp(--ĮL/2) is a roundtrip 
loss coefficient, ĮLVWKHZDYHJXLGHORVVDQG LVWKHFRXSOHULQWHQVLW\ORVV For the PANDA system, the output optical fields from right and left rings are expressed as  
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ER and E  are the outputs from right and left rings of PANDA system. Inside the system, EL 1, E2, E3 and E4 
are the output optical fields that are shown in equations (7-10).   
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Therefore, the final equations for drop port and through port power are achieved in Equations (11-14). 
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Here Pt and Pd represent the output power of the through port and drop port respectively [16, 17]. 
 
3. THz Frequency Carrier Generation 
 
Two types of output signals are obtained for different input signals (bright soliton and gaussian beam). 
The new design of the system is shown in Fig. (1). In  case of bright soliton input pulse, with centre 
wavelength of 1.5μm, pulse width of 20 ns, and power at 1 W the system as shown in Fig. 2(a). The 
parameters used are R1=5μm (radius of first ring)  and R2=3 μm (radius of second ring), RL=1μm (radius 
of left ring in PANDA),  RR=1μm (radius of right ring in PANDA), R=3μm (radius of main ring of 
PANDA), Aeff=0.10-0.25 μm2. The selected parameters of the system are ¿xed to be  n0 = 3.34 
(InGaAsP/InP)[18], and Į= 0.2 dBmm-1. The coupler intensity loss is  Ȗ = 0.1.  The coupling coef¿cient 
of the micro ring resonator is varied from 0.1-0.98. The nonlinear refractive index is n -172 = 2.2 10 .  ×
The input bright soliton pulse is sliced into a smaller signals over the spectrum as shown in Fig. 2(b), 
2(c) and then input is fed into the PANDA system. Output of PANDA system is simulated and is shown 
in Figures 3(a-f). Figure of 3(e) and 3(f) shows the most channels which are seen at the range of 170-250 
THz. In the case of Gaussian pulse, the centre wavelength of 1.3μm is input into the system with pulse 
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width of 20 ns and power of input is 1 W as shown in Fig. 4(a). In Fig. 4(b-c), a light pulse is chopped 
into discrete signals and amplified in the first ring, where more signal amplification is obtained by the 
second ring (smaller ring) of system. Figure 5 (a-f) shows the simulated results inside and output of 
PANDA system. More channels have achieved in the range of 75-360 THz, as shown in Fig. 4(f) and 
4(e). In practice, the channel frequency can be increased by the proposed system. Finally, the required 
signals can be obtained via PANDA system. Output results from PANDA system are fed into add/drop 
system with radius of 10 μm for deterrmination of FSR , number of channel and bandwidth. Fig 6 shows 
the schematic of add/drop system.  
 
Fig. 1. Schematic of two microring resonators coupled to a PANDA system 
 
The two complementary optical circuits of ring-resonator add/drop filters can be given by the Equations 
(15) and (16) [14, 15].  
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Here  and  represents the optical fields of the throughput and drop ports respectively.  is 
the propagation constant,  is the effective refractive index of the waveguide and the circumference of 
the ring is 
1tE 2tE effkn E
effn
, here RRL S2   is the radius of the ring.   In the following, new parameters will be used for 
simplification: LEI   is the phase constant. The chaotic noise cancellation can be managed by using the 
specific parameters of the add/drop device, which the required signals can be retrieved by the specific 
users. Ʉ1and Ʉ2 are coupling coefficient of add/drop filters, 
O
S2 nk  is the wave propagation number for 
in a vacuum, and where the waveguide (ring resonator) loss is mmdB /2.0 D . The fractional coupler 
intensity loss is J = 0.1.  
In the case of add/drop device, the nonlinear refractive index is neglected. Figures 7 and 8 show the 
simulation of fainal resutls. For bright soliton the most channel have been seen in range of 210 THz and 
the number of channels are 12. For Gaussian pulse the most channel obtained have been seen in range of 
121 THz and the number of channels are 36. 
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4. Ro F Applications 
 
From Fig. 1, the input light pulse is sliced into discrete signal and amplified within the first ring. 
Further signal amplification is obtained by the smaller ring (second ring). Finally, the required signals are 
obtained via a drop port of the add/drop filter. In operation, an optical field in the form of Gaussian pulse 
from a laser source of particular center wavelength (frequency) is input into the system. In practice, the 
maximum frequency that can be confined within the optical waveguide has been increased by using 
composite materials known as meta-materials [18], thus enabling wavelength close to few mm (THz 
region) can be confined within the waveguide. Generally, fiber optic LANs can be carried traffic at data 
rates of 10 Gbs-1 in the near future and these rates are difficult to achieve for mobile users with present 
technology. Therefore, an optical channels contribution with terahertz bandwidth will be required to meet 
this high data transfer rate. RoF systems can be added radio system functionalities as well as carrying and 
mobility functions. These functions contain data modulation, signal processing, and frequency conversion 
(up and down). The required radio signal at the input of the RoF system depends on the RoF technology 
and the functionality desired [19]. Electrical signal generation must meet the specifications required by 
the wireless application such as GSM, UMTS, wireless LAN, WiMax or other. To deliver the radio 
signals directly, the optical fiber link avoids the necessity to generate high frequency radio carriers at the 
antenna site [20]. One of important application of RoF is providing wireless coverage in the area where 
wireless backhaul link is not possible. These zones can be the areas inside a structure such as a tunnel, 
areas behind buildings, Mountainous places or secluded areas such a jungle. RoF distribution systems can 
be used for in-building (indoor) distribution of wireless pulse and signals of data communication and 
mobile such as WLAN systems. For RoF technology, spurious free dynamic range (SFDR) is required, 
because of the limited dynamic range (DR). However, most indoor applications do not require high 
SFDR.  For instance, the required (uplink) SFDR for GSM reduces from >70 dB to about 50 dB for 
indoor applications. 
 
Fig. 2.  Results of the output from two ring resonators with the centre wavelength at 1.5μm, where (a) the input bright soliton pulse, 
(b) the chaotic signal generation, (c) the amplified and filtering signals 
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Fig. 4. Output from two ring resonators with the centre wavelength at 1.3μm, where (a) the input Gaussian pulse, (b) the chaotic 
signal generation, (c) the amplified and filtering  signals 
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Fig. 6. Schematic of Add/Drop system for channel selection 
 
 
 
Fig. 7. Simulation results of the channel frequency light pulse generated by the Add/Drop system at center wavelength 1.5μm for 
Bright soliton, where (a)Throughput of system , (b) Drop  port of system 
 
 
 
Fig. 8. Simulation result of the channel frequency light pulse generated by the Add/Drop  system at center wavelength 1.3μm for 
Gaussian pulse soliton, where (a)Throughput of system, (b) Drop  port of system 
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Fig. 9. Overview of optical impairments in mm-wave fiber-wireless links [7] 
 
 
 
Fig. 10. In-building fiber infrastructure for integrated wire and wireless system applications [25] 
The basic RoF system is as shown in Figure 9. The DWDM optical signals are generated from the 
proposed system as shown in Fig. 1, which is controlled by the central office, then it communicated via 
fiber-feed network to remote note (RN) or base stations and finally the base station converts the optical 
signal to THz wireless. Usually 1.3 μm and 1.55 μm the optical wavelengths are used in Rof system 
however, in this article, we replace these wavelengths by proposing the terahertz wavelength at 3 THz 
generate via the micro ring resonators. The other key function is the optical to electrical conversion (O/E 
conversion), in which the several problems such as O/E conversion, link gain, nonlinear transfer function, 
dispersion, RF power penalty, phase noise, crosstalk and intermodulation are required to address, which 
were discussed in reference[7]. 
Figure 10 shows the application of RoF in-building fiber infrastructure for wired and wireless system, 
in which RoF distribution systems may be used for both indoor and outdoor UMTS signal distribution 
[21].  Another application area is in fixed wireless access (FWA) systems, such as WiMAX, where RoF 
technology may be used to transport optical signals over long distances [22]. RoF transmission can be 
realized in the core networks with potential of amplification or switching in the optical area [23]. RoF 
arrangements can be used in the part of the Mobile Broadband Systems (MBS) in 60 GHz band. 
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However, the attenuation in air is as high as 10dB/km at 60GHz, while attenuation of light in fibers is 
less than 0.2dB/km at 1.55μm wavelength. Also, RoF technology can be used into a converged network 
and to distribute a selection of services with special kinds of traffic and QoS requirements to different 
wavelengths in a single WDM optical network. 
5. RFID Applications 
Radio-frequency identification (RFID) is a technology using communication through radio wave to 
transfer data between an electronic system and reader. RFID makes it possible to give each product in a 
grocery store its own unique identifying number, to provide assets, people, work in process, medical 
devices etc [24]. RFID networks already exist in a broad range of environments and undoubtedly will 
permeate in even more areas of our lives. RFID systems consist of tiny integrated circuits (RFID tags) 
equipped with antennas, that communicate with their reading devices (RFID readers) using 
electromagnetic ¿elds at one of several standard radio frequencies. Additionally, there is usually a back-
end database that collects information related to the physically tagged objects. (RF-ID) tags supported by 
a transparent optical-RF network can be used to sense, locate and track an array of objects including 
luggage, mobile assets and commercial goods and can provide additional features such as boarding pass 
auto-tags, access control tags and tagging support for airport commercial zones [25]. RFID 
communication is convenient, fast and it can save time, develop services, decrease labor cost, thwart 
product counterfeiting and theft, enhance productivity gains, and maintain value standards. General 
applications range from highway toll collection, provide chain management, public carrying, controlling 
building access, animal tracking, developing smart home appliances, and remote keyless entry for 
automobiles to locating children [26]. 
 
 
Fig. 11. A Multi channel RFID system, where Rs: ring radii, Ks: coupling coefficients 
 
By using the proposed design as shown in Fig. 11, the optical signal is converted to electrical signal by 
the O/E converter, in which the THz carriers can transmit to many tags via the RFID link by a nano-
antenna, where up to date the 1 THz antenna is available for THz communication [27].  The optical RFID 
system is performed to access point broadband antenna-integrated edge-coupled photo mixers for tunable 
terahertz sources [28] and antenna-integrated photodiodes with strained absorbers designed for use as 
terahertz sources [29]. The transmitter / receiver access point have been controlled and synchronized. The 
signal transmits throughout by the antenna, where the receiver is operated to detect the incoming signals. 
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6. Conclusion 
 
In this work, a new design of PANDA ring resonator system has been introduced, which can improve 
the high channel capacity by using the bright soliton and Gaussian pulse as input. Results have shown that 
the high channels of frequency can be obtained in the range of 170-250 THz for bright soliton and 75-360 
THz for Gaussian beam. This enhancement of frequency band can provide the reliable high-speed 
between networks and computers. It has also been observed  that the multi frequency bands  are generated 
by a Gaussian pulse propagating within the micro ring resonator system, which can be simultaneously 
link within a single device and available for the extended multi switching application with the frequency 
center at the THz band. This can be incorporated with the existing public networks, mobile network, 
hybrid networks and to enhance the DWDM communication for RoF systems to link both wired and 
wireless network. The THz DWDM bands can generate by a 3 THz center wavelength of Gaussian pulse 
propagating within micro-ring and nano-ring resonator. The DWDM in this investigation generate form 
nonlinear effect and resonance of pulse in microring and nano-ring resonator.  The proposed new design 
can generate great number of bandwidth pulse, 22 channels and FSR  | 0.00125 THz ranges from 2.98 to 
3.01 THz. 
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